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Fractionation of Provitamin D 27 gm. This was Cholesterol A. The acetone mother liquors and washings from each recrystallization were evaporated to dryness and the residue kept as Fractions lal, 1a2, 1a3, Iad, and las.
Sublimation suggested itself as a further method of fractionating the provitamin factor. However, since our previous experience had indicated that cholesterol is susceptible to oxidation it seemed wise to heat under reduced pressure in an atmosphere of nitrogen. To further safeguard against oxidation and moisture the Nz was passed through linseed oil, alkaline pyrogallol, and concentrated sulfuric acid. Cholesterol A, our most highly purified cholesterol and presumably the lowest in antirachitic provitamin content, was heated slowly at a pressure of 7 to 10 mm. of nitrogen.
For this purpose we used a 1; x 8 inch Pyrex tube fitted by means of a ground glass connection at the neck with a smaller inner tube through which cold water flowed.
The tip of the condenser was about 1 inch from the bottom of the outer tube so that its cooled surface caught all the sublimed cholesterol.
Under t.hese conditions a thin film of sublimate began to form on the condenser at 165". The maximum amount of sublimate was obtained between 200" and 210". Heating to a higher degree or continued heating after the first half hour at 210" gave no increased yield of sublimate. After 3 hours the heating was discontinued.
The amount of sublimate was small, not more than 30 mg. from 500 mg. It appeared like more because it formed in a loose fluffy mass of slender, sharp, pointed plates.
The unsublimed residue, after cooling, was a hard, creamy, semicrystalline mass. This was ground to a fine powder which, under the microscope, consisted of minute, flat, irregular plates.
A distinct drop in the melting point of the cholesterol after heating was evidence that a chemical change of some sort occurred during heating.
The melting point of Cholesterol A was 149.7" and of the residue 142.5". The sublimate began to melt at 142" and was completely molten at 145".
Biological Assay of Various Fractions.
In the first series of biological tests the following preparations were compared.
(1) Cholesterol B, twice recrystallized from acetone; (2) Fraction II, the cholesterol which tended to form an emulsion; (3) Fraction lc, the brown, semicrystalline material extracted from the soaps; (4) Cholesterol A, five times recrystal-lized from acetone; (5) Cholesterol A sublimate; (6) Cholesterol A residue; (7) Fraction lal, the cholesterol from the first acetone mother liquor; (8) Cholesterol W, the original commercial product.
These materials were finely powdered, spread in a thin layer, and irradiated under a quartz cover in an atmosphere of nitrogen at a distance of 40 cm. and for a period of 35 minutes.
A Cooper Hewitt laboratory lamp was used as a source of ultra-violet light.
Method of Testing Antirachitic Potency.
Young rats weaned at the age of 22 days were kept on the stock diet 2 to 5 days until they weighed from 45 to 50 gm. They were then changed to the McColluml Diet 3143 for 14 days and kept in the dark room.
On the 15th day we began to administer the preparation which we wished to test for curative properties.
A known amount of the test material was dissolved in ether and incorporated with a known amount of the rachitic diet. After allowing the ether to evaporate weighed portions of this food which would give the desired daily dosage of the test material were placed in small glass dishes and moistened with water. Each rat was transferred separately to a small cage and given the freshly moistened food. If the concentration of test material incorporated with the food was adjusted so that no more than 0.5 gm. of food was given daily, no difficulty was encountered in training the rats to eat the entire portion of food within 10 to 15 minutes. The doses were administered daily except Sunday. In the early experiments four rats were used for each test. One was killed at the end of 10 days, one at 15 days, one at 20 days, and one at 25 days. The line test of McCollum was made in the usual way. It was found that quantitative differences in antirachitic potency could be detected best at 10 days.
In later assays each material tested was given in graded dosages beginning with one which produced advanced cure and diminishing to one which produced little or no cure. Two animals were used for each dosage. They were killed at the end of 10 days. A degree of healing equal to + + at the end of 10 days was accepted as the end-point.
For most of the samples the preliminary test was Fractionation of Provitamin D confirmed by repeating the 10 day test on three dosages which produced healing of + +, better than + +, and little or no healing.
Relative Potency of Fractions.
Previous work with cholesterol of the degree of purity of Cholesterol A had indicated that a minimum daily dose of 2.5 mg. was necessary for ++ healing in 10 days. Therefore, in these first tests a daily dose of 2.5 mg. was used for all of the fractions examined.
Of the eight materials, Fraction lc, the acetone extract from the soaps, showed very little antirachitic activity, Cholesterol A gave a line test of about ++ in 10 days, Cholesterol B a positive test between ++ and +++, and Fraction la1 a positive test of +++.
The other samples, Fraction II, Cholesterol A sublimate, Cholesterol A residue, and the original Cholesterol W all gave results distinctly better than +++.
In fact, by this test the bones from animals receiving daily 2.5 mg. of these materials showed at the end of 10 days very little variation from the normal.
Obviously the heating of the more purified cholesterol in our attempt to purify further by sublimation had increased the activatability of both the sublimate and the residue. Since Cholesterol A was our most highly purified material we used that as a standard with which to compare all our other samples.
Three of these highly activatable samples, Cholesterol W, Cholesterol A sublimate, and Cholesterol A residue, were given in decreasing doses of 2 mg., 1.5 mg., 1 mg., and 0.5 mg. Again in the case of these three products the 0.5 mg. dose produced more advanced healing in 10 days than 2.5 mg. of Preparation A. When the dosages were diminished still further to 0.3 mg. and 0.1 mg., it was found that for these three substances a daily administration of 0.1 mg. produced a degree of healing which was comparable to that produced by 2.5 mg. of Cholesterol A. We hoped by the long periods of heating at high temperakrres to obtain even greater increases in activatability than before so we tested these materials in daily doses of 0.5 mg. and 0.1 mg. Contrary to expectations the samples heated in closed tubes, although they showed distinct increases in activatability, were none of them as potent as that which had been heated at 7 to 10 mm. pressure. By heating under this increased pressure the activatability was increased from 2 to 5 times but in no sample was there as great an increase in activatability as in the previous experiments when the cholesterol was heated under reduced pressure.
E$ect of Pressure on Increased Activatability.
These results suggested that the failure to obtain the same degree of increased activatability in the sealed tubes was due to the higher pressure under which the cholesterol was heated. By means of a Cenco Hyvac pump and a Cenco vacuum control apparatus, it was possible to maintain constant pressures of Nz at any point between 2 and 100 mm. We heated 0.5 gm. portions of cholesterol for 6 hours at 210-215" under pressures of 2 mm., 10 mm., 50 mm., and 90 mm. of Nz. In each case the tube containing the cholesterol was placed in the cold oil bath and heated gradually to 210" after which it was held at 210-215" for 6 hours. The tubes were then raised from the bath and allowed to cool rapidly.
At the very low pressures, 2 mm., the cholesterol sublimed rapidly at 185-200", so that one-half to three-fourths of the total amount was caught as sublimate on the water-cooled condenser. A few crystals were found in the outlet tubes. Only a small portion remained in the tube to be subjected to the temperature of the bath. This residue remaining in the tube was a creamy,
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of Provitamin D semicrystalline mass. When tested biologically it required 0.8 to 1 mg. of the sublimate and 0.3 mg. of the residue to produce a degree of healing equivalent to 2.5 mg. of the original purified cholesterol.
This was repeated on another sample of purified cholesterol with essentially the same results.
On the other hand, at 10 mm., 50 mm., and 90 mm. pressure of Nn the amount of sublimate collected was very small and it accumulated slowly.
When tested biologically both the residue and sublimate produced healing of + + with daily dosages of 0.1 to 0.2 mg.
In later experiments purified cholesterol heated in an atmosphere of Nz at atmospheric pressure acquired a potency of the same order as these samples heated at lower pressures of Nz. The pressure at which the cholesterol is heated therefore appears to be unimportant, at least when the pressure does not exceed atmospheric pressure and when a current of gas is swept over the molten cholesterol.
It apparently is necessary, however, that the cholesterol shall be subjected to a temperature above the melting point for an appreciable time since at the very low pressures of 2 mm. the cholesterol sublimed almost as it melted and in that case the sublimate was very little different in activatability from the original cholesterol.
This observation was confirmed when we again heated the cholesterol at 50 mm. pressure but the tube containing cholesterol was not immersed until the oil bath had reached 210". Then again the cholesterol sublimed almost completely as it melted. And in that case again the sublimate was very little superior in activatability to the original cholesterol. Further confirmation of these biological tests was found in the spectrographic studies described in the next paper of this Journal.
E$ect of Time of Heating.
Since pressure appeared not to be significant, we heated portions of cholesterol in N, at atmospheric pressure for varying periods of time to determine whether the change responsible for the increased potency occurs rapidly after the cholesterol melts or whether it is a slow reaction.
We placed two tubes containing samples of purified cholesterol in a cold oil bath and passed Nz through the system for 30 minutes before beginning to heat. At 165" one tube was removed; the other was held at 165" for 2 hours. When tested biologically the sample which had been simply melted showed double potency while that which had been heated 2 hours was equivalent to some of our samples heated under reduced pressure requiring a dose of 0.1 mg. daily to produce a ++ healing in 10 days.
From these results as well as the previous ones it appears that the time factor isimportantinthechange from the inactivatable to the activatable form. Some increase in provitamin D potency has always been observed in cholesterol heated to the melting point, but the maximum activatability is attained after 1 to 2 hours.
Continued heating produces little increase or decrease in activatability if oxidative changes are controlled.
A sample of Cholesterol A which had been heated at 7 to 10 mm. of Nz for 15 hours at 220-225" showed only a slightly greater increase in activatability, in this case a minimum dose of 0.05 mg. daily being required.
It is probably significant that in our heated samples of cholesterol a minimum curative dose of 0.05 to 0.1 mg. is the maximum potency obtained under whatever conditions the heating was done. We frequently obtained less potent preparations, but never more potent.
Our repeatedly consistent results' with one and the same preparation irradiated at different times ruled out the probability that the lower potency of some samples was the result of variations in activation during exposure to ultra-violet light. Neither had we been able to demonstrate that a specific pressure or temperature was the deciding factor.
After a 2 hour period the time of heating seemed unimportant.
We had suspected, however, that our most potent preparations were obtained when a trace of air was admitted to the system. In preparing our heated samples we had tried to avoid oxidation because we had early observed that cholesterol heated in an open dish was completely changed to a brown transparent mass with a distinct caramel odor. Such a product was not activatable.
This did not rule out the possibility that a trace of oxygen might be involved in the change of inactivatable cholesterol to the activatable form.
In preparing our next samples we heated one portion taking every precaution to remove oxygen.
A new system of wash bottles was set up. The Nz was permitted to bubble rapidly through the system for 1 hour when the escaping gas was tested If after bubbling the Nz coming from the outlet tube through this alkaline mixture for 5 minutes no darkening of the precipitate occurred, the gas was considered 02-free.
The outlet from the tube containing cholesterol was then sealed with a water trap and the oil bath was heated to 185" and held at 185-190", for 2 hours.
In the case of the second sample, the manganous hydroxide test was applied after Nz had been passed through the system for 15 minutes.
A slight browning of the precipitate developed. At this stage the oil bath was heated to 185" and held for 2 hours.
When tested biologically the minimum curative dose of the first preparation was 0.4 mg. and of the second 0.1 mg. These results apparently confirmed our suspicion that a trace of oxygen aids in producing the increased activatability.
We next investigated the effect of heating cholesterol in a tube, stoppered with a cotton plug. Portions of Cholesterol A were thus heated at 190" for periods of 1 hour, 2 hours, and 6 hours.
After 1 hour's heating the cholesterol was creamy yellow, but distinctly crystalline.
After 2 hours heating there was more discoloration and the cholesterol on cooling presented a semicrystalline appearance much like the residue of our potent samples heated for the longer periods under reduced pressure.
The 6 hours heated sample, on the other hand, cooled to a transparent brown solid entirely lacking any crystalline structure. But even this last sample when irradiated and tested was potent in a 1.5 mg. dose, thus showing some degree of increased activatability. The 1 hour heated preparation was potent in a 0.05 mg. daily dose. The 2 hour sample produced a ++ healing with a 0.3 mg. dose. It appears then that heating in the open tube brings about increased act,ivatability but parallel with this process is a destructive action, probably oxidation, which again reduces the antirachitic potency.
This destructive action of heat increases rapidly with an increase in temperature.
A portion of cholesterol heated at 250-270" for 3 hours underwent greater changes than did that heated at 185-190" for 6 hours.
Such an increase in antirachitic activatability of a purified cholesterol is certainly suggestive that the provitamin D potency resides in the cholesterol molecule itself, unless we grant that ergosterol is formed from cholesterol.
The fact that ergosterol heated under exactly the same conditions is reduced in activatability makes this latter supposition quite untenable. Also the spectra of our heated cholesterol preparations show no ergosterol bands, but general absorption only.
It remained for us to prove that cholesterol purified by other means than boiling with base and recrystallization, especially those methods which are said to destroy ergosterol, still retained some antirachitic potency and also that cholesterol so purified and then heated under the conditions described acquired the same degree of antirachitic activatability as did our cholesterol purified by less rigorous treatment.
Purification
by Bromine Treatment.
50 gm. of the commercial cholesterol were purified by bromine treatment employing the method described by Bills, Honeywell, and MacNair (1) . Both the dibromide and t.he cholesterol recovered by reduction of the dibromide were tested biologically in 5, 10, and 15 mg. daily dosages.
The irradiated cholesterol produced no healing in the 5 mg. dose, but in the 10 mg. dose brought about a degree of healing better than our usual end-point of + + . The dibromide produced no trace of healing in any dosage administered.
PuriJication with .Potassium Permanganate.
We also treated the commercial cholesterol with KMn04 in acetone in the manner described by Bills, Honeywell, and MacNair (1). 100 gm. of Cholesterol W were dissolved in 1200 cc. of hot acetone and after the addition of 1 gm. of finely powdered potassium permanganate the solution was boiled under a reflux for 1 hour.
The hot solution was then filtered to remove the manganese dioxide and again 1 gm. of potassium permanganate was added. This procedure was repeated a third time after which the recovered crystals were further purified by three more recrystallizations from acetone. We irradiated and fed the original Cholesterol W and also that same cholesterol treated once, twice, and three times with potassium permanganate.
The untreated cholesterol produced a cure of + + with 0.1 mg. dose, the once treated cholesterol with 1.5 mg., and the twice and three times treated with a 3.0 mg. dose. The first treatment reduced the activatability to one-fifteenth that of the original cholesterol, the second treatment again reduced it by one-half, but the third treatment apparently produced no further change.
Purijxation
by Acetylation. 100 gm. of the commercial product were boiled under a reflux condenser 14 hours with 300 cc. of acetic anhydride. After cooling, the crystals were filtered off and recrystallized from acetone three times.
Then 30 gm. of the acetate were hydrolyzed by boiling 1 hour in 300 cc. of 5 per cent HzS04 in alcohol.
The cholesterol recovered from the cooled solution was recrystallized four times from alcohol.
Another 30 gm. were hydrolyzed by boiling in 400 cc. of 5 per cent NaOH.
The recovered crystals in this case were recrystallized four times from alcohol. These three products, the acetate, the acid hydrolysate, and the alkaline hydrolysate were tested for antirachitic potency after irradiation in the usual manner.
It required 2 mg. of the acetate (equivalent to 1.75 mg. of cholesterol), 4 mg. of the acid hydrolysate, and 1.5 mg. of the alkaline hydrolysate to produce a ++ healing.
This result confirmed an earlier experiment in which we found the alkaline hydrolysate slightly more potent than either the acetate or the acid hydrolysate of the acetate. This effect of alkaline treatment in enhancing the antirachitic activatability of purified cholesterol was again confirmed by boiling for 5 hours a sample of the potassium permanganate-treated cholesterol in a 5 per cent solution of sodium hydroxide in alcohol. After recovering the cholesterol it was recrystallized three times from acetone and was still twice as active when irradiated as the original purified cholesterol.
The cholesterol recovered from the filtrates showed four times the activatability of the original purified cholesterol.
By none of the methods of purification employed were we able to produce a cholesterol which had no provitamin D activity. By increasing the dosages sufficiently we were able in every case to produce typical calcification of the bones-and this, in spite of the fact that spectral analysis of these products showed no trace of ergosterol bands.
In this finding we confirm Bills, Honeywell, and MacNair (1) who also reported that after a second treatment with bromine or with potassium permanganate the recovered cholesterol when irradiated was capable of curing rickets when the dosage was increased 30 times above the minimum curative dose of the original cholesterol.
We obtained a minimum curative dose by our method of assay with the KMn04-treated cholesterol of 30 times that of Product A, but with the bromine-treated cholesterol it was necessary to increase the dosage by 70 times.
We subjected our cholesterol to potassium permanganate treatment only three times while Kon, Daniels, and Steenbock (2) repeated the procedure five times.
Steenbock reported that his product was completely inactivatable while our product produced a + + cure with a 3 mg. daily dose. Since the biological assay showed no further reduction in provitamin D after the second treatment with potassium permanganate, we assume that a fourth and fifth repetition of the procedure would have had little or no effect. We feel we are safe in assuming like Bills, Honeywell, and MacNair (1) that the observed activatability of such purified products must be due, in part at least, to something other than ergosterol although we grant that traces of ergosterol which cannot be detected even spectrographically may be present. The question arises why there is such a difference in the antirachitic potency of these several purified products if the activity resides in the cholesterol molecule per se. We have already demonstrated that heat changes cholesterol of low activatability t.o a more activatable form. It is not improbable that other procedures may establish an equilibrium between the less activatable and more activatable forms at different levels. It is also true that cholesterol as well as ergosterol is destroyed in the purification methods employed, but the former to a lesser extent.
A comparison of the melting points and minimum curative doses of the various preparations shows no correlation whatever between melting point and antirachitic activatability.
E$ect of Heat on These Specially PuriJied Cholesterols.
The bromine-purified cholesterol and our first purified Cholesterol A were heated at the same time in a stream of Nz at 165"for 2 hours.
When tested biologically they gave similar results; i.e., a cure of ++ with a daily dosage of 0.1 mg. Likewise the KMn04-treated cholesterol, when heated in the same way also became potent to this extent.
Fractionation of Provitamin D
In these preparations, we have used methods which are destructive to ergosterol.
Yet we have been able by heating to produce in these products a provitamin D activity which, we grant, does not equal that of ergosterol, but which is equal to the potency of the original commercial product.
The original Cholesterol W does show in a 2 per cent solution all four of the ergosterol bands. The spectrum of the heated cholesterol, on the other hand, shows no bands but general absorption in the region beginning at 2950 A.units, the position of the first ergosterol band.
This it seems to us is conclusive proof that provitamin D activity resides in the cholesterol itself and that in augmenting the provitamin potency we have produced it from the cholesterol itself and not regenerated ergosterol.
It probably is significant that by this heating process we have never been able to secure a greater potency than a minimum curative dose of 0.1 to 0.05 mg. We have obtained less potent preparations but never more potent.
This suggests that at this stage equilibrium is established between the activatable and the inactivatable forms.
This reaction of purified cholesterol to heat suggested the possibility that ethers or other condensation products are formed and that such condensation products are the cause of the increased activatability.
Further information concerning the nature of the change which occurs when the cholesterol is heated would be available if we could duplicate or augment this increased activatability by chemical means.
Action of Dehydrating Agents on Cholesterol.
It seemed logical to investigate the action of various dehydrating agents. 0.5 gm. portions of Cholesterol A were mixed in separate tubes with 0.1 gm. of Pz05 and with 0.4 gm. of soda-lime and the tubes sealed. Another portion was mixed with anhydrous CuS04 in a small flask closed with a CaClz tube. These were all suspended in an oil bath at 210" in such a way that the behavior of the materials could be observed.
Reaction with the P205 came immediately when the cholesterol melted.
A purple then brown color developed.
After 15 minutes heating this tube was removed from the bath. The soda-lime and anhydrous CuSO4 mixtures were heated 30 minutes.
In each case droplets of moisture con-densed on the top of the tube or flask. During the last 10 minutes of heating a brown distillate from the CuSO4 mixture condensed on the neck of the flask.
After cooling, the mixtures were extracted quantitatively with anhydrous ether. The product from the PzO5 mixture had entirely lost its crystalline character.
It was a yellow waxy mass similar to oxycholesterol prepared by treatment with benzoyl peroxide.
Judging from the increase in weight a phosphoric acid ester of cholesterol or of oxidized cholesterol had been formed.
A positive organic phosphate test was obtained with this material.
The products removed from soda-lime and anhydrous CuSO4 were both creamy in color but distinctly crystalline.
These products were tested in doses of 1 mg., 0.5 mg., and 0.3 mg. The preparation from Pp05 and CuSO( produced no healing in the 1 mg. dose. That obtained from the soda-lime treatment, however, showed some increase in activatability, 1 mg. being equivalent in effect to 2.5 mg. of Cholesterol A. Since very potent preparations have been obtained by heating 1 hour without the addition of CuS04, we feel safe in assuming that the CuSO4 effect was either negligible or destructive.
Action of Yellow Phosphorus.
Another sample of Cholesterol A was suspended in Hz0 with bits of yellow phosphorus wire.
The water was siphoned off and the moist mixture of cholesterol and phosphorus were allowed to remain in contact for 2 hours, the flask being shaken frequently. The cholesterol was then dissolved in ether, the ether solution washed three times with water and finally evaporated.
The cholesterol had developed a yellow tinge and retained a garlic-like odor, but when tested showed an activatability about equivalent to the original Cholesterol A. This experiment was suggested by the well known effect of minute doses of yellow phosphorus in promoting bone growth.
Heating with Metallic Salts or Oxides.
Sabatier (3, 4) and Ipatiew (5) have drawn attention to the catalytic effect of the oxides and some of the salts of metals such as aluminum, tungsten, and thorium in producing unsaturated bonds by removal of water. We therefore tried heating choles-Fractionation of Provitamin D terol with AlC13, A1203, and MOOS in the proportion of 1 gm. of cholesterol to 10 mg. of the catalyst. This was done in an atmosphere of Nz. Although the spectra of these samples of cholesterol, especially the one heated with AlC& showed even greater general absorption than the cholesterol heated without these additions, the antirachitic potency of all these samples, those heated with and without the added substances, was the same.
All these attempts to further increase the provitamin D potency of highly purified cholesterol preparations have been fruitless since the reagents used have been either negligible or destructive in their effects.
Attempts to Discover the Chemical Reactions Involved in the Increased Activatability.
We have made numerous attempts to discover what type of chemical reaction occurs when the cholesterol is heated. If we could learn whether the augmented activatability is due to polymerization, or increase in the number of unsaturated bonds, or a shifting of the position of a double bond it might help to elucidate some of the questions concerning the chemical nature of provitamin D and what the action of light is in activating it.
Color Reactions.
The Shear and Kramer (6) aniline hydrochloride test which the authors have used to identify so called uviol or vitamin D was used on many of our preparations. We found that all samples both non-irradiated and irradiated which were discolored, indicating the presence of oxidation products of cholesterol, gave a strong positive test. Fresh solutions of "pure" ergosterol both nonirradiated and irradiated gave negative results. The intensity of the test had no correlation whatsoever with vitamin D potency.
Rosenheim (7) has recently published tests by means of which he claims to be able to distinguish pure cholesterol from allocholesterol, P-cholesterol, and cholesterylene and each of the above from ergosterol. In trying to apply these tests in our studies we have not been able to confirm Rosenheim's claims as to the value of the method in detecting traces of ergosterol in presence of large amounts of cholesterol of various grades of purity.
Iodine Number.
A micro iodine number method devised by us when applied in this study showed no changes in the iodine number of the various forms of cholesterol here investigated.
More detailed information on the method and results will be published later.
Digitonide Formation.
By digitonin precipitation identical values were obtained with both the heated and the unheated cholesterols used in these studies.
Refractometric Studies.
A change in refractometer reading would indicate a change in molecular weight.
1 per cent solutions in alcohol of potassium permanganate-purified cholesterol and of the same cholesterol after heating 2 hours at 190" were read at 25". The heated sample was shown by biological assay to be 30 times more activatable than the unheated sample.
The difference between the pure solvent reading and that of the 1 per cent solutions was in the case of the original sample 4.48" and of the heated samples 4.50".
There is then no evidence that polymerization is involved in the change from the inactivatable form of cholesterol to the activatable.
Changes in Optical Rotation. The experimental evidence presented above and as correlated in the next paper clearly shows that highly purified cholesterol is still activatable to antirachitic activity, but that it is made still more so when the solid cholesterol is molten under certain conditions of time, temperature, and oxygen exposure. We have not been able to find an amount of ergosterol in these preparations comparable to the provitamin activity.
In fact, we have not been able to detect ergosterol in the highly purified product, nor in the more activatable forms obtained therefrom.
Our conclusions are that the cholesterol is modified chemically in the melting and heating process and that it is not changed to ergosterol. Thus far we have not been able to throw light on the nature of the change involved.
There are here possibilities of numerous tautomeric rearrangements as well as inter-and intramolecular oxidations and reductions.
The studies by Diels and Abderhalden (9), Diels and Linn (lo), and Diels, Giidke, and KC-ding (ll), suggest that we may be producing @-cholesterol and cholestanon. If cholestanon is formed it is equally likely that cholestan, dihydrocholesterol, $-cholesterol, and allocholesterol may be formed in variable amounts.
Windaus (12) , however, in 1912 considered the cholesterol nucleus relatively stable at temperatures below 300". In a later paper (13) he reports the conversion of cholesterol chloride into allocholesterol by boiling the same with potassium acetate under anhydrous conditions in absolute alcohol. He also reports converting cholesterol in part into y-cholesterol by boiling for 8 hours with sodium alcoholate in absolute alcohol.
By heating dry cholesterol with freshly reduced nickel at 220" for 8 hours he obtained cholestanon.
Heilbron, Morton, and Sexton (14) and Heilbron and Sexton (15) report the formation of water, hydrogen, hydrocarbons, cholestenone, and +cholestene in the dry distillation of cholesterol in a current of carbon dioxide.
It is easily possible that one or more of these products are formed in small amounts in the t,reatment employed by us and that the increased activatability is due to one or more of these. We are continuing these investigations on the chemical and physical as well as the biological phases.
Our observations are' at least in part confirmed by the earlier observations as published by Bills, Honeywell, and MacNair (1). It may be recalled that they also found ergosterol in the commercial cholesterol, but that the latter could not be obtained in an inactivatable form by the bromine treatment. They also concluded that their purified product must contain some other provitamin D than ergosterol.
SUMMARY.
A commercial cholesterol obtained from spinal cord was found to contain ergosterol. This when purified by four different methods always yielded a cholesterol which appears to be free from ergosterol, but which still possesses a provitamin D activity of one-seventieth to one-twent.y-fifth that of the commercial product used.
When further attempts were made to purify the purified products by sublimation under diminished pressure in nitrogen both the sublimate as well as the non-sublimable residue possessed about 25 times the provitamin D activity of the purified material used.
Numerous repetitions of the heat treatment under various conditions of temperature, time, and pressure lead to the conclusion that the best conditions for increasing the activatabi1it.y by the heat treatment are heating with little or no oxygen present at temperatures slightly above the melting point for periods of 1 to 3 hours.
In parallel with the changes in antirachitic activat.ability we have observed changes in melting point, absorption spectra, and slight changes in optical rotation.
We have not been able to detect any chemical change in the heated products by color reactions, iodine number estimations, or refractive index readings.
We conclude that provitamin D activity is not limited to ergosterol, but that it may be a general property in varying degrees of various sterols or certain forms of those sterols.
